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NTO DEVELOPMENT AT LOS ALAMOS

Lonpnie H. Chapman
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New Mexico 87545

hablr ot the NTO.

NTO is an explosive wirh calculated performance near that of RDX bur
wirth senslitivity approachling that of TATB. Possible uses for NTO would be
as an alternative to RDX in tormulaticns where a lower sensitivity is
desired or as 4an alrernacive to TATB where more performance ls required
wirhout a large 1ncrease In sensitivity.
producing NTO and In tesring rhe performance and sensitivity of NTO and NTO
formuldations. Two hundred pounds of NTO have been produced and some per-
formance and -ensiriviry data have heen abtdained. Work is belng done to
large crystal slze NTO. Additional work
is being done to improve the small rharqe diameter performance of NTD by
adding small amounts ot RDX ot by changlng rhe crystal slze and/or crystral

determine rthe dlamerer eftect for

Efforts have been concentrated on|

INTRODUCTION

A new molecule, {4 npitro 1,2,4 triazole % one
(NTD), was found In the llireraturel without
reference to its enerqgetic propertles. NTO was
First recognized as a potential explo lve mole
cvule and then synthesized by K. Y. Lee and
M. . Coburn? at Los Alamos.  “mall weale enst
tiviry and thermal rests indicated that YUTO was a
very lmpact insensirive and thermally stable
molecule.  Pieliminary pertormance calculations
alxo indicated that the pertormance ol NTO would
be nedr that ot RDX. Hased upon this preliminary
Intormation, NTU was synrtheslzed and tested in
amall scale at Los Alamns.  The perfopmance ot
NTO In thene small scale tests wah DO as aool an
the preliminary calculations indicated b shoaad
be, theretore larqger quant itled were requlted tor
more extendive pertormatnce and sensitivity testa
At well as tor dovelopment of NTO formualat fons
that might be unetul in both DOE and Deb oapp Liea
1lons.

NTU SCALK UP AND PRODUCTTON

NTO product fon beaolnn by produc livp the Intey
mediare, 1,2,4 telazole b one (TO). T i+ made
by rteacting semicarbazide NHel anh 90% lormie
acld at 90 1o 100°. NMR studies by hon ot
have shown that the react lon to o i enient ta ly
complete when the 111 gas evolutjon Stops and
therte 1% no nend for extended reac?t o Pimes. 1y
wan alao determined that cwome HEOV b needed toy
complete the jeaction and that  c-emboarbas bile
alone without the Nl stabil i zer daes st pen
duees ing closiire 1o borm T, T bt proestue
tion han been scaled gp to a0 gal peae o cwith

recovered product welght of 16.62 kg at 4 /).8%
yl"ll’-

NTO reactlion yleld has averaged /6% when a
mixture of nitric and sulfurlc acid 15 used to
nirrate TO. The highest yieald (A7.H%%) wa
obtained when rthe acid mixture was flrst added
ta the reactor and hrought ro 60 70°C. The i
mixrure contalns an B8%/1% ratlo of nitric 10
sulturic acid (rthe nitric acid concentratlon
used 18 70% while the sullfurie acld t5 9%%). 1
was then added slowly, atter rhe acld reachdd
reaction temperature.

HTO wan produced In % kg batches 2ith
total tecrystalllized production ot 47,7 ky
(1049 11'). Thiee 1% kg batches have altkio been
prixluyced but have not been recrystallized,

TOXTCOLGTUAL GTUDTESG OH NTO AHD TO

Toxlcologicdl  studies have heen done fon
both NTOA and the product fon fntermediate 0"
Renultsa of the texts Indicale Thal nelther §TO
ner I preasent concernsg of acute toxieity, -kin
feritation, skip siemiftizatlon, and sys frreies
tlon. In tact, 'he acite aral LD S0 Lor hoth
HTO nd TO Y qreater than Y% q/kqg e tats and
mice, @Which Yq connldered only mildly o ot 1ox
i In bhoth speclen,

DEPARTMENT OF TRANGSPORTATTON CLASSTFTCRTTON Teeer,

Shermal stabil ity il cenaitivity teste e
done ot Lot Alamon I ovder to apply toa
o, shippiag s hazard . L beat Tong, A
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heating test was conducred (or 48 hour.. at 75°C
and produced no evidence of decomposition or dis-
coloration. Two ignirinn and uncontined burns

were done with a single sample 2 x 2 x 2 in. and
another was done with four samples end to end.

There was no detonation and bhurn times excreded
100 seconds. TImpact sensirivity for large parti
cle-siza NTO is much less than RDX and near the
height l'mitrs ol the Los Alamos drop weight impact
machine. The shiock sensitlvity was tesred hy a
confined-gap test and results were comparable to
PBX 9502 in the same tesr. A sample of bulk NTO
was detonated with a number 6 blasring cap.

Based upon the results of frhese tests, NTO
fits the criteria for a Class A explosive. NTO
has not received a permanent D.O.T. classitication
at this rime.

HIGH-SPEED- MACHINING TEST

Pure, pressed NTO and NTO cast with 50 wi% TNT
have undergone high speed -machining tests,  The
standard rest is performed by Jdrilling 40
0.750-in. diam holes Into an explosive rhdrye.
The drill speed {5 2260 RPM and the penelrarion
rate {s 0.025 In. per revolution. NTO Is soluble
in water and was, therefore, machlined dry. Doth
samples produced no reaction during testing and
ware dpproved tor renote controt machintng opera
tions.

NTO PERFORMANCE
NTO CYLINDER TESTS

T™wo Inch diameter MNTO charqges vere pressed ot
1.8%5, 1.842%, and 1.800 «|/('ml. The (dlamelers were
machined to tit into 2 in. diam copper cylinders
for cylinder expansion tests. Two of the three
vharges were tired successtully indicating NTO has
a pertormance qgqreater than TATH.

CONFINED NTO PLATE DENT/DETONATION VELOCTTTEY

Several plate dent tests were made with
rxplotives ot knoewn performance 1o try and call
brate o contined plate dent test . The explosives
were contined in schedule 90 creel pipe wlth oan
Inner Jdlameter machined ta wecept 1 W/Hon.
presqed charged,  NTO was also tested o the same
maneter to determine 3 conl fnement would  fieprove
s performamee In o smaller diameters. The poeliml
nary weanured velocitles are shown in Table
along with calculated values.  Additional te-ts
were e with NTO presosed to 9/% 1M 0 7|
gZemVY i borh conlined Ll ouneont bned modes 1o
commpat bon The  detanal bon veloc iy bey are
obltatoned from plesacieorr b ping bnocontan b with
the HEE s bace and e Lo sapeening only Thewe
teanbta Andboate that there G g diareter el tedd

present in NTO fired in 1-5%/H-in. Jdiam at high
densiries.

TABLE 1. [PEHFORMANCE COMPARISONS

Calculated (uncontined) Measured

Denaity (g/cmd)  Prea. {kbar) vel. (km/s) DeL.vel. jkms)
1.9 (100N T 140 B.a!

L.871 (97% ™) - #.22 contined
1.871 (9% ™M) . - 8.12 uncont ined
1.05%% (196.1% TMD) 106 8.34 A.20 vontined
1.825 (94.6% TMD) 294 A.21 8.09 vontined
1.800 (97.0% ™) 283 A. 11 8.02 voutined

NTO_FATLURE DIAMETER AND DIAMETER EFFECT

Experiments were performed by Ray Engelke! 10
determine diameter etffects and failure dlame:er
ol large crystal size NTO (Blend 87 10). The
first NTO charqes were pressed Lo 1.B6B g/cn!
(96.8% T™MD) and machired down to o6 mm dlam. A
J6-mm diam rate stick was tired and propagated at
A.176+/-0.001 km/s. A second rate stick was
lired that included three different didmetecs;
2.9, 28.9, and 25.3% mm. A third rate stick was
set oup with 25.4, 19.1, and 16.7-mm diametnr NTO
charqges arranged trom large 10 small diemeter tol
lowlng the booster. This tatled In the 29,4 mm
dlamerer section.

Rate Hticks are normally indtiated asing an
kP 1 detonator With a 172 In. diam by 170 in,
high Pux 9407 booster pellet, Thin boont e
pellet then inttiates a PPBYX 2494 charqge that |+
at ledat as large In dbameter as the larqest dbasn
eter lest chdarge. A lourth NTO rate stick was
ansembled with an NTO charge 2h /6 mm dlam, aiing
a booster congtsting of a P22 plant waeve loenn
ltollowed Dby o 0.2% In. inlek by 2 'no diawe
PIX 9404 charqge.  This rate stick propagated (s
ent f1e Tength with a oteady velocity,  Detonat fon
velocily resultys are shown in Table 20 Thease
tesults Indicate the (allure dbameter ol large
vrystal stze NPO al this density s near o one inch.

HPO/NITNDER  FORMULAT TONS

NTO/binder tormalattona In 9% Wiy concentra
tions were tested In Y g slurry bateh e
toy determine compatibility betors barther eale
Hp . FPC A6, Viton A, Kel I© HOD,  Eqtane,  aned
Kitaton 6 wore evaluated tor posstible bimder s,
Hone of  the NTOZ/binder combinat tons showerd e
depee ol focompat bty ALL of the Tibneder
produced o formalat fon that was Lo Tnpanod
censiitive than the pare NTO, Erhyl acetate wa
chovaen o PV g v aodvent beearees B paeadie el
A bhetter gt btraet Ton bhetweenn the Tacquer anet Hhe
expionive Becatrrae MO by valubile tn hor ogter,
At ated MO sodun bonoat SSTC wa eeed e the

cat e dnmtewmd ol nae cvater HEo wae miwed
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TABLE 2. NTO BLEND B7 10 DETONATION VELOCITY

Diameter Det. Vvel. Density
_{mm) _tkm/s) (a/cmd)
36.00 8.176 +/-0.001 1.868
32.51 8.160 +/--0.001 1.870
28.91 8.159 +/-0.004 1.869
25.35 B.144 +/-0.001 1.867
25.40 Falled 1.868
25.76 8.142 4/ 0.005 1.870

wirh the lacquer to provide intimate contact and
wetting ot the NTO crystals betore the waler wds
added. Based upon high binder denrity and the
higher bulk densities obtained in the inittal
b g-scdale work, four binders were hosen for
scale up to 50-9 batches. Kraton « did not
produce an acceptable formulation. As wds tound
in the 5 g scale batches, FPC 461 produced the
bast aqqlomerates with a bulk density of
0.7 - 0.75 g/cmd.  Based upon small scale results,
FPC 461 wds used to make a one kilogram batch ot
X 048J* by the water -slurry method.

NTO/TNT CASTINGS

X 0489** was cvast In one 4 in. dlam x

h in. high cylinder and in eight 1 5/8 in. alam x
4 in. high cylinders. All the charges were radlo
qraphed and showed minimal shrinkage and bubbles.
Vacuum was not applied to the melt but the cast
ings were cooled from the botiom to the lop. A
casting sample was raken tor theymal stabilivy and
Impact sennitivity testing and a release has heen
Is9ued for rthis batch, The 4 in. dlam x 5 In.
high cylinde: was used for o high speed machining
test, After the material passed the machining
test, the casting risers were removed trom the
I /8 in, charqges, which were then fHred in o combld
natlon plate dent/rate stick to determine the per
tormance ot the X 0489. The results are shown in
Table 1, along with a calculated performance for
compat I non,

TABLE 1 PERFORMANCE OF X 0489 AT ING

Density  Pressure Nt Vel
stick Number  (g/Zom')  (khar) (km/n)
| 1.7 240 no odata
J AN By J. A0 v/ 00
| 1.1 JAL P N A TN TIT )
cCalonlated (A S0 7.4,

A X nan /N Wl N NTOS I AR
rax 0409 RUFATIEUTE WA RAVA TNy

NTO RECRYSTALLIZATION
INTRODUCTTON

Normally NTO is recrystallized from hot water
after Inirial production to remove entrapped
nirric acid. A mean pdarticle size of 250
microns, shown in Flqure 1, s obtained by the
normal recrystallization merhod of cooling the
entire vessel and contents from 90 to 5°C over a
30 -minute pertod. A smaller parrticle size was
desired tor PBX tormulations work and to
determine the effect of smaller particles on
performance, sensitivity, and fallure diameter.
Freliminary results indicate rhat impact sensitiv
ity and performance do change with particle/
crystal size distribution.

FIGURE 1.

NTO REECRY'CTALLTAKD SLOWLY FROM WA'TINK

NTO RECRYSTALLTZATION FROM WATER

Work wan done Lo reduce NTO pant fele ol by
crash precipitating a <atmated NTO/water sola
tton at 91% into dce water . The melting toe
maintalned  the iecrystallization Vemperature
hetween 0 and 57, Partiele stze o this batoh
(LBC LT 7)) averaded aboat 40 micions,  GEM pho
toqraphs in Flguee 2 show that the NTO o lump aae
made up ot N T M mieron crystala, Thea
clumpa are smaller and are more pandomly arranged
than previon, precipboat fonn done at 5 o 0%,

WO RATCH RECRYSTALLTZATTON FROM HMP
Part e beZopyaral sibee wepe pediced turther by

dircadving NTO fnto Homethyl pyrrolidones 00280 g
A Gh 00 g ceeentrat jon Ny Thi .
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I microns In diameter. Individual crystal size
can he controlled 'y changing rhe ratio ot ioe

water to NMP/NTOQ solution. A4qglomerares contain

ing a random arrangement ot small crystals can be
ohrained by adding addirional NMP/NTO solution to
the combined dolutions after crystal tormation

has begun.

FIGURE 2. NTO CRASH PRECIPITATED FROM WATER

FIGURE 4. NTO RECRYSTALLTZFL FROH nMP,
SPHER TCAL GROWTH

dmall ocrystal stze Choes, 1 1) mbcron) spheri
Sl NTo produced by batch recrystalltzation tirom
EMP was presscd o tnto 170 din dlam pellers for
plate dent compar son with previously produced
NTO.  Plate dent resalts tor Bateh 111 2270, <hown
In Flgure S, were Jo) kbar at 1,764 q/em?
LAY MDY and N kbar at LR q/em?
(94._7% Tn) . Drop welghs fmpact senshtivity s
ihout 200 emo tor o this small cryntal slie
mate: fal. These pesults are not sthanttieant Ly
Aitlerent tresn other small crystal sihae NTO,
which tndieates tnar spherteal coystal habit does

FIGURE . NTO RECRYSTALLLZED FROM NME, not el to be an fmportant as o indtvidaal crystal
RANDOM GROWTH wize o reducing tatiare diameter
'late dent resgltn shown I Flgure 5,
aolut ton was pouresd fnta foe water Wit agitat ton fndbcate the performance ot Ratch LBC 111 0
and with loe belng added to malntaln the tempera tdentgnatoed 6c') f clone 1o the BKW predicorion
tire hejow W"¢ Natc'. LBC 11U 60, showm i Flgure Ahble the ather small oarticle shze hats he
1, wan made uting vhin procsdare, Thin reM (destynated oo and 220) perform hetter than the
photorraph shows 900 to 100 whoron s togeps® that bareqe gt tele stge NTO g0 the sone aensity.
contain many 0 to 10 mberon crystala, barothe Previong aoneont ined plate dents astog Targe
crytale are randomly packed and look ke They pe b le aree IO o 170 and D dnn dbam alkled
contaln a Largs amount ol vodds Lo prtopapate at dens it yes qrealer than
1. |/'|||| Ao 172 o dbam plate dent anineg
N A vl in HME e canthesd dnta e e Wlend 0 To fakled ro propagate ot b2 aned
Walet o prochiee cplertoal crystal o grewtho that e oo e i ond dned 0 570 4o dbae plate
Sty T to aphier o)l g produeesd ot o Alamae, dent - onaned barge parbiebes e HTO have o
The cryttal obze proeduced with o b rar o ot gatedd 0 e b hes oap ta LR Joemt bae e
WA HME, bt e Bdguee 4, b ey ek Lo e petbormate e, Shon b Figuee Sy b ewierr Than

Py wlhoyonmd and Yo b spher s carepboeg foome o b copee el b T drap Wit e e v e
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density at 1.855 g/cm3. These resulrs show rhat
smaller particle sizes can lmprove NTO pertormance
in small diameters and might perform ciose tn HKW
predictions at higher dens'tles in larger Jdiam
ters.

r
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FIGURE 5. CHARGE DENSITY (q/('m'])

NTO_CONTINUOUS RFCKRYSTALLIZATION EROM NMP

Equlpment tor continuous, single vessel recrys
tallization wds tested atb o rdate that would
procduce 800 g/h of NTO at 99% yield. ‘The NTO/NMP
solution Is tirst cooled to room temperature
betore mixing with the wdarer to reduce thi- amount
of  heat exchange t piired NTO/MMP 1emalints a
stable solution tor several hours at room tem
perature In the concentration used. The coolant
temperatute was increased trom 12 to 4%%¢C and 4
distilled water tlush was installed to reduce hear
exchanqger pluyqling.

A new recrystallization vessel s being made
1o allow flow patterns apptoaching plug thow and
1o provide capacity tor increased tlow rates. The
new vessel 1s jJacketed to provide cooling to
replace the double pipe heat exchanger that s cut
tent ly causing phagging problems.

NTO/RDX/BINDER FORMULAT IONS

PBXs using mixrures ot NTO and RDX are helng
prepared 1n an artempt ro reduce (he tallure
dameter ot NTO tormulations. The  tailure
diameter as a4 tuncrion of KDX conrent! will be
invesriqated., FBXs containing both NTO and RDX
were successtully made with good agglomerate yize
and sfrength, Impact sensitivity and thermal
analysis dara for these PBXs indicate there is5 no
incompatibility between NTO, RDX, and rhese
binders.
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